J. KOHN From the Department of Chemical Pathology, Queen Mary's Hospital, London A paraprotein can be defined in our present state of knowledge as a complete or incomplete immunoglobulin molecule, possibly abnormal, produced in excess by a single clone of immunocytes (Osserman and Fahey, 1968) , and characterized on electrophoresis by a discrete band or peak. The discovery of a paraprotein in the plasma should not be regarded as synonymous with a malignant proliferative disease process and numerous authenticated cases prove that paraproteinaemia can be perfectly compatible with normal health. This was first noticed and reported by Waldenstrom in 1944 and has been confirmed since then by many observers. I shall use the term 'benign' paraproteinaemia to refer to this condition, ie, the occurrence of paraproteinaemia in the absence of detectable malignancy or other relevant pathology. Unfortunately some confusion has arisen owing to the wide variety of terms used to refer to this interesting but still ill understood and rather vaguely defined condition. A vast array of adjectives has been suggested and used by various authors, such as idiopathic, cryptogenic, rudimentary, lanthanic, discrete, sympton-poor, non-myelomatous, benign, coupled with nouns like monoclonal gammopathy, paraproteinaemia, dysimmunoglobulinaemia and dyscrasia.
The paraprotein is detected primarily by electrophoresis of serum proteins on a suitable medium such as cellulose acetate which, if properly carried out, can detect small amounts of paraprotein. The clearest separation patterns on cellulose acetate are achieved by first diluting the serum sample 10-20 times followed by Nigrosin staining; this gives results comparable with those obtained by electrophoresis on agarose. Some authors advocate immunoelectrophoresis on the grounds that it will detect smaller amounts of paraprotein than simple electrophoresis, but this is controversial and the technique is impracticable for mass screening. Visual inspection of the electrophoretic strip seems to be perfectly adequate, particularly if carried out by two experienced observers. The electrophoresis technique should spread the gamma fraction adequately, with an overall protein separation of at least 4 cm. I do not consider the rapid techniques 77 which distribute the proteins over only 2 cm to be satisfactory (Kohn, 1973) .
Classification and typing of the paraprotein are performed by immunoelectrophoresis, using several dilutions of the serum sample to ensure optimal concentration of the paraprotein, thus avoiding prozone phenomena. For the detection of BenceJones protein in the urine a good electrophoretic technique using concentrated as well as unconcentrated urine is essential, and its presence is confirmed by immunoelectrophoresis with suitable light chain antisera.
Incidence of Paraproteinaemia
This is highly controversial. It depends on laboratory technique and to a very large extent on the population studied, especially with respect to age distribution and the inclusion of hospital patients (table I) . Our own experience, gained mainly from ill patients, is summarized in table II and shows a relatively small proportion of 'benign paraproteinaemias'; the proportion of proven immunocytomas is similar to that quoted by Hobbs (1971a) . Kohn and Srivastava (1972) reported 20 cases among 10 000 blood donors, details of which are given in table III. In some sera the first indication of paraproteinaemia was the formation of a gel during routine inactivation of serum complement at 560, indicating the presence of pyroglobulins. The main purpose in screening these donors was to establish a baseline for a subsequent long-term study. So far as we are aware, none of these cases of paraproteinaemia has shown overt malignancy, although in three of them the paraprotein levels rose after two years and reached a new plateau (see below). It must be enphasized, however, that in at least five other patients we have no follow up for the last few years.
There is a need for caution when interpreting population surveys. This is illustrated by table IV which shows the incidence ofparaproteinaemia and its distribution intwo elderly populations from different geographical regions.
The Osserman (1971) , and Kyle, Maldonado, and Bayrd (1973) reported two more cases which were diagnosed by the heat test for Bence-Jones protein. The excretion of relatively small amounts of Bence-Jones protein in the absence of myeloma or macroglobulinaemia has been described by Damacco and Waldenstrom (1968) among others. It is now generally held that a value above 60 mg/100 ml is very rarely found in benign paraproteinaemia, although some authors would put the figure as low as 10 mg/ 100 ml (Hobbs, 1976 Perhaps the most important procedure in an apparently benign paraproteinaemia is to follow the total protein and paraprotein levels (Waldenstrom, 1973; Axelsson and Hallen, 1968; Hallen, 1966; Hobbs, 1971b; Zawadzki and Edwards, 1972) . It must be stressed that the latter cannot be estimated accurately by immunological techniques (Jensen, Hom, Jensen, and Olesen, 1969; Blundell and Fitzpatrick, 1971; Kohn, 1973) as illustrated in table V. Electrophoresis followed by estimation of the concentration of the paraprotein by scanning or elution is essential and should be performed at three-monthly intervals for the first year and sixmonthly intervals thereafter.
In benign paraproteinaemia the level either remains constant over several years or rises slowly to a higher level and then stabilizes again. However, malignant evolution may occasionally occur after intervals of five to 18 years (Norgaard, 1964; Stevens, 1965; Kyle and Bayrd, 1966) (Norgaard, 1964) . Benign paraproteinaemia does not cause anaemia, and a haemoglobin level below 10 or 11 g/100 ml suggests malignancy. A full clinical assessment and an x-ray examination of the skeleton are absolutely essential. Certain bone lesions are typical of myeloma, but they may not be demonstrable radiologically in about 20% of cases. It has been estimated that a myelomatous focus will not be visible radiologically unless it has destroyed more than 250% of the local bone trabeculae.
Management
The most important procedure in the absence of firm evidence of malignancy is a long-term follow up but this is only possible in a proportion of cases. Not only may this reveal an unchanging paraprotein concentration but, in some subjects, the paraproteinaemia will be found to be transient, a phenomenon recorded in association with a heterogeneous assortment of diseases, including acute and chronic infections, collagen diseases, cirrhosis, genetically determined immune deficiency states, successfully treated non-reticular neoplasms, prosthetic heart valve insertion, and other conditions, including malaria, folic acid deficiency, gastric ulcer, and cold sensitivity (Young, 1969; Cooke, 1969; Danon and Seligmann, 1972 (Norgaard, 1964; Stevens, 1965) . However, as many paraproteinaemias are discovered in old age, the observation period is usually quite limited. There are also indications that patients with benign paraproteinaemia are more susceptible to other diseases than the normal population (Zawadzki and Edwards, 1972) .
Pathogenesis and Aetiology
An outstanding problem is identification of the site of production of the paraprotein. In the absence of demonstrable foci of paraprotein-synthesizing cells, a generalized distribution of those cells must be presumed, but the factors which trigger such a change and maintain it in a relatively restricted manner are unknown. Radl and Hollander (1974) noticed a very heavy plasma cell infiltration of lymph nodes in mice with benign paraproteinaemia.
Several factors have been suggested as predisposing to paraproteinaemia. Evidence for a genetic factor comes from family studies. Spengler, Butler, Fischer, Ryssel, Schmid, and Sieber (1966) found that in some families asymptomatic paraproteinaemia occurred about 14 times as commonly as overt myelomatosis or macroglobulinaemia in contrast to the ratio in the general population (tables I and II). These studies and others (Seligmann, Danon, Mihaesco, and Fudenberg, 1971; Grant, Blumenschein, and Buckley, 1971; Waldenstrom, 1973) also indicated a higher incidence of para-proteinaemia in the families of affected individuals than in the general population. Moreover, Radl and Hollander (1974) have found a strain of mice, C57BL, in which 50% have a paraprotein in the serum by the age of 24 months, without evidence of malignancy. This strain may prove to be a most useful experimental model for the study of benign paraproteinaemia. The association of the latter with age has already been stressed, although the correlation with age may be indirect.
It may be postulated that a paraprotein represents a specific response to a particular antigen (Metzger, 1969; Potter, 1971; Danon and Seligmann, 1972) which could be either bacterial or viral (Mitchell, Rees, and Salisbury, 1971) . However, the number of cases in which the paraprotein has been shown to possess specific antibody activity is relatively small, and of these the majority appear to be autoimmune antibodies. Anti-bacterial activity has been found in a small number of cases but, in general, attempts to show antibody activity in paraproteins have been unsuccessful. This perhaps is not surprising in view of the enormous number of possible antigens and man's almost unlimited capacity for antibody production. Michaux and Heremans (1969) postulated that a benign paraproteinaemia is the result of activity of an escaped clone of limited autonomy in the absence of underlying disease and of any positive causative factor apart possibly from a genetic one. On rare occasions an escaped clone may gain complete autonomy and explode into malignancy.
It has been suggested by Laurell (1968) that clones which produce a paraprotein have lost the mechanism which normally governs multiplication and differentiation of antibody-producing cells. Complete loss of feedback inhibition could be the cause of unrestricted growth and malignancy, whilst a different mutation could result in a moderate increase in cell mass with the establishment of a new balance between proliferation and the defence mechanism, so that a stable level of serum paraprotein is maintained. Such a mutation may also result in an alteration of the amino-acid sequence which in turn results in imperfect self-recognition and weaker inhibition. It is suggested that mutation is facilitated by certain types of unusual or protracted reticuloendothelial cell stimulation in geneticallypredisposed or preconditioned hosts (Osserman, 1971) . This is compatible with the relatively high incidence in old age as the number of antigens encountered accumulates with age.
It is possible to regard all paraproteinaemias as potentially malignant states which may remain in an asymptomatic, prodromal stage for a very long time. The relatively high ratio of myeloma to benign paraproteinaemia in old age makes this hypothesis quite plausible. Some inhibitory factors, very likely of an immunological nature, may be responsible for the latent period, for, if it is accepted that the cell mass in myeloma doubles in about six months it is necessary to explain why the serum paraprotein concentration may remain unchanged for a number of years. Unless a 'braking mechanism' of some sort be postulated, whether by feedback or immunological inhibition, the theory of a slowly but inexorably progressive malignant process is difficult to accept.
An interesting observation was made by Lindstrbm, Hardy, Eberle, and Williams (1973) who reported that the total number of B cells among peripheral blood lymphocytes is reduced in myeloma but not in benign paraproteinaemia. This is in agreement with the immunosuppression so often observed in myeloma. A new concept regarding the pathogenesis of immunocytomas has recently been put forward by Salmon and Seligmann (1974) . These authors postulate that a 'two-hit phenomenon' is responsible for the development of a malignant immunocytoma. The first 'hit' is antigenic stimulation which leads to monoclonal B-cell proliferation. A second hit then acts as the mutagenic or oncogenic stimulus which produces malignant transformation in a susceptible subclone.
When overt malignant disease does supervene in cases previously classified as benign, which is in fact rare, it may be due to several factors other than slow progression of a condition which was malignant from the start. The possibilities include factors mentioned above as well as the emergence of a competitive malignant clone (Spengler, Steinberg, and Skvaril, 1972) .
Possible Future Developments in this Field
In the future, studies of bone marrow cultures in vitro may throw light on some of the problems. Plasma cells in marrow cultures of malignant immunocytomas appear to undergo characteristic transformation within a relatively short period of time, whereas those from benign paraproteinaemias do not (Barandun, 1974, personal communication In patients attending hospital with signs and symptoms of disease, paraproteinaemia should be regarded as potentially malignant until proved otherwise, especially if the serum paraprotein level exceeds 20 g/l for IgG or 10 g/l for IgA. A radiological survey of the skeleton as well as a marrow biopsy may be indicated. Such patients should be followed up for at least five years before concluding that the cause is benign. Even then the diagnosis cannot be regarded as certain.
Conversely, the incidental finding of paraproteinaemia in a population survey, or in patients without other signs or symptoms suggestive of malignancy, does not indicate the need for extensive investigations. The patient's doctor should be informed but not the patient, who may become unduly alarmed. Treatment should be withheld until evidence of malignancy is available.
In view of the possibility of a viral aetiology of myeloma, blood from donors with paraproteinaemia should not be used for transfusion (Kohn, 1971) , particularly of patients in the younger age groups. There may even be a case for screening blood donors (Fine, Lambin, and Leroux, 1972) .
